Introduction
The debate among economic scholars whether foreign aid is a boon or a bane for developing countries has been going on for decades. This paper further augments the existing discussion by analyzing the effects of foreign aid on the recipient country's capacity to deal with natural hazards such as floods, earthquakes and windstorms. Interestingly, less developed nations do not necessarily experience more natural disaster events, but the death toll from disasters is on average higher in poorer nations (Kahn 2005) . Economic scholars explain these differences in vulnerability through the level of development (Kahn 2005 , Strömberg 2007 ), institutional quality (Kahn 2005) , the level of democracy (e.g. Tavares 2004) or income inequality (Anbarci, Escaleras & Register 2005) . The role of foreign aid, however, has only received minor attention so far (e.g. Strömberg 2007 , Cohen & Werker 2008 .
In general, foreign aid can have two opposing effects on the recipient nation's disaster preparedness: First, aid flows can have a preventive effect by directly or indirectly improving a nation's preparedness against natural hazards. In recent years, a number of international initiatives emerged that try to implement disaster preparedness (e.g. awareness-building, installation of monitoring systems, structural measures) in overall aid policies (OCHA 2008) . Additionally, general aid flows in infrastructure or social sector projects can create positive externalities for the recipient country's disaster preparedness. An improved telecommunication and transport system for example, facilitates early-warning and evacuation. Better housing structures make communities more resilient against the forces of nature.
Second, while the natural hazard itself is an exogenous shock, the human reaction to such an event is driven by incentives as a result of millions of dollars yearly spent on disaster relief. Foreign aid received in the past might increase the predictability of ex-post relief and induce decision-makers to shirk responsibilities by reducing ex-ante protection activities. Such a reaction could result in higher financial losses and higher death tolls. For this reason, the disincentives induced by the large amount of relief are likely to further exacerbate the sustainable development of regions that are especially vulnerable to large scale disasters. The research focus in our paper is on this so called crowding-out effect of foreign aid.
Ex-ante risk management strategies against large-scale disasters are generally not implemented by individuals voluntarily, since individuals' incentives for protection against disasters are distorted by a lack of interest and information as well as an underestimation of risk occurrence (Kunreuther & Pauly 2006) . This public-good problem explains that the vast majority of protective measures (e.g. structural measures, building codes, zoning, early warning) are in the realm of governments and bureaucratic agencies. The ability to provide these public goods is influenced by the level of GDP (Kahn 2005) , income inequality (e.g. Anbarci et al. 2005) or the level of heterogeneity among groups in society (e.g. Alesina & Drazen 1991) .
These factors can help to explain the large number of fatalities following natural disasters, especially in developing countries. To limit the destabilization following a disaster, ad-hoc disaster relief from international organizations, national governments, non-governmental organizations as well as private donors is usually paid to the affected countries. Anecdotal evidence also suggests an increase in official development assistance (ODA) in order to ensure long term recovery from the disaster. In 1998 Hurricane "Mitch" devastated large parts of Central America. In Honduras alone the death toll reached 5,600 and the estimated financial losses were $ 3.8 billion. The international community responded to this disaster by increasing the official development assistance from $ 361 million (1997) to $ 1.7 billion (1999) and the annual ODAinflows still remain at a relatively higher level than prior to 1998 ($ 640 million) (Bermeo 2007) . There is no doubt that international assistance after such a devastating event was strongly needed. However, these ex-post payments could set ex-ante incentives that crowd out the willingness of political agents to put effort in sufficient preventive action. Based on the conclusion from the Samaritan's Dilemma, the anticipation of charity in the case of a large-scale disaster, might induce governments to diminish protection (Buchanan 1975 , Coate 1995 , since "(…) current decisions of economic agents depend in part upon their expectations of future policy actions. " ( p.474, Kydland & Prescott 1977) . Note, that the argumentation in this paper is limited to collective action, not including a crowding-out effect induced by individuals shirking responsibilities. A prominent example is the failure on the insurance market: Moral hazard and adverse selection present only a partial explanation for imperfections in the market for natural hazard insurance. Kunreuther (2000) defined the situation of distorted demand and insufficient supply on the market for natural hazard insurance as disaster syndrome. Individuals tend to underinsure because a) they underestimate the risk of low-probability-high-loss events and b) they expect financial relief by the government or private charity. Private charity and governmental relief is a premium-free insurance against natural hazards. If a disaster occurs, individuals without market insurance are better off because they receive financial support from governmental relief programs. The theoretical model by Raschky & Weck-Hannemann (2007) shows that a higher degree of institutionalization of governmental relief or charity further decreases individual demand for insurance and increases the reliance on aid in a disaster situation. The phenomenon of charity hazard (Browne & Hoyt 2000) could also apply to international disaster assistance.
This problem has already been identified in the foreign aid literature in another context as a consequence of producing disincentives through the provision of foreign aid (Gibson, Andersson, Ostrom & Shivakumar 2005) . Foreign aid is often paid in order to close the financial gap between the required investment which is necessary to achieve a targeted growth rate and the available resources. The results of Easterly (1999) suggest that the provision of foreign aid based on the financial gap induces recipient countries to reduce savings and hence to increase the financial gap even further. In addition, the work by Cashel-Cordo & Craig (1990) and Khan & Hoshino (1992) provide evidence that international aid might have a negative effect on public-sector fiscal behavior in the recipient countries. In the natural hazard context, the theoretical model developed by Cohen & Werker (2008) suggests that the presence of ex-post relief can distort the relation of ex-ante protection to ex-post relief. However, the model we construct goes one step further by showing that the anticipation of foreign aid can result in a higher death toll from natural disasters. Moreover, to our knowledge, the connection between foreign aid and its influence on the effectiveness of preventive capacity has, so far, not been empirically analyzed.
The remainder of the paper is structured as follows: The next section recapitulates the basic idea of Buchanan's Samaritan's Dilemma. Section 3 establishes a theoretical model to analyze the interaction between donor and recipient in the context of natural hazard prevention. Section 4 presents our dataset. In section 5, we test the hypothesis on three different types of natural disasters. Sections 6 and 7 present the results and conclude with suggestions on the redeployment of foreign aid in order to minimize the adverse crowding-out effect.
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2 The Samaritan's Dilemma Buchanan (1975) introduced the term Samaritan's Dilemma in economics in order to show that altruism can induce adverse behavior of potential recipients based on the failure of the donor to act strategically.
In order to get a better understanding of the pervading effect, we adapt the two-by-two game as used by Buchanan (1975) of a donor and a recipient. The comparison of the pay-offs shows that the donor will always help, independent of the level of the recipient's effort. This situation is refered to as the active Samaritan's Dilemma. However, the donor would prefer the recipient putting in high effort (donor's pay-off is 4) as compared to the recipient putting in low effort (donor's pay off is 3). Since the recipient knows that the donor's dominant strategy is to help, he will act strategically and respond by choosing a low level of effort. Hence, the Nash equilibrium in pure strategies is the pay-off combination (3,4).
Apart from the active Samaritan's Dilemma, Buchanan constructed the situation of the passive Samaritan's Dilemma, where helping is not the donor's dominant strategy. In fact, the donor reacts to high effort by not helping and to low effort by helping. Now, the donor prefers the situation where the recipient puts in high effort and the donor does not assist (donor's pay off is 4), whereas the recipient prefers to put in low effort and to get assistance of the donor. The game has two equilibria, the pay off combinations (4,2) and (3,4). However, even in this situation, a strategic acting recipient chooses a low level of effort and forces the donor into pay-off combination (3,4).
In both cases, the dilemma of the Samaritan is his exploitation due to his inability to commit not to help. Since the donor cannot reach the prefered pay-off, the burden is fully on his side. Also the Samaritan's Dilemma is interlinked with moral hazard behavior it is important to distinguish between the two terms. Knowing or expecting to receive assistance from the donor induces the receipient to shirk responsibilities and to put in low effort, this is known as moral hazard. As we will see in the following the consequences of this behavior can be devastating for the recipient.
In the following we will adapt the Samaritan's Dilemma to an international context, with a donor and a recipient country. Note, that our analysis varies in two major points from Buchanan's example. First, decision makers in our context are governments, not individuals. Hence, moral hazard behavior takes place on a collective level rather than on an individual level. Second, the games presented above are simultaneous games, whereas our case can be interpreted as a Stackleberg game (Coate 1995) .
The Model
This section aims to construct a theoretical model, which allows the derivation of the hypothesis, necessary for the empirical analysis of a potential effect of foreign aid on the degree of protection. We first give an intuitive description of the theoretical story behind the model and then present the formal model itself.
Intuitive description
We imagine a world with a rich donor and a poor recipient country. The donor country receives utility from the recipient country's utility, which has resulted in foreign aid flows in the past. The recipient country is in danger of natural hazards. Past foreign aid flows can, in part, have a preventative effect on the vulnerability of the recipient country and increase the probability that wealth and human beings survive a natural hazard, if a) disaster preparedness measures are implemented in the foreign aid initiative of the past or if b) aid flows are used for measures which create positive externalities, hence contribute indirectly to improved disaster preparedness e.g. infrastructure. However, the recipient country itself can install protection as well, by imposing a proportional tax rate. This tax has two opposing effects on the expected utility of a representative person in the recipient country. On the one hand it contributes to a higher probability of surviving a disaster on the other hand it reduces consumption possibilities. Apart from the above described preventative effect, foreign aid flows of the past can have two negative effects on the probability of surviving, both of which are due to a reduction of the tax rate. First, the fraction of past foreign aid which contributes to a higher survival probability is interchangeable with the tax rate. Hence, aid receiving governments might decide to reduce the fungible tax rate and rely on the fraction of past foreign aid which contributes to prevention instead. In order to get a better idea of this problem of fungibility, imagine a government that strives to reach a certain level of protection. Since past foreign aid partly provides protection, the aspired level of protection can be obtained with a lower level of the tax rate. Second, foreign aid experiences in the past might increase the predictability of ex-post charity and induce the government of the recipient country to shirk responsibilities. Since a higher tax rate increases the survival probability, the need for disaster relief in case of a natural hazard is reduced. Hence, in the bad state the recipient country does not have an incentive to increase the tax rate because a higher level of protection reduces ex-post charity. In other words, the anticipation of foreign aid crowds out the tax rate. Moreover, in the good state, protection measures reduce the utility of a representative person in the recipient country by lessening consumption possibilities. Thus, the anticipation of disaster relief reduces the incentive to implement protection measures (crowding-out). The net outcome of the positive preventative effect and the two negative effects of past foreign aid can result in a lower survival 6 probability if the negative effects outweigh the preventative effect.
Formal model
We assume a potential "donor country", D and a "recipient country" R , each with identical individuals earning an income of
The recipient country is in danger of a natural hazard, which occurs with probability p , 1 0 ≤ ≤ p . There are two factors that can reduce the impact of natural hazards on society: First, the recipient country is assumed to have experienced foreign aid in the past. This transfer increases the utility of a representative individual in country R by a) increasing the consumption possibilities and b) contributing -directly or indirectly -to a better risk prevention. In the following, we use the term preventive effect for the latter. Second, the government of country R can choose a level of protection, which is financed by a proportional tax rate τ , with
by maximizing the utility of a representative person. Hence, the probability that wealth (e.g. capital stock) as well as human beings survive a natural hazard is determined by the tax revenue R Y τ as well as the fraction, α , of foreign aid p.c., T , inducing the preventive effect,
The idea to analyze survival probability stems from the model developed by Anbarci et al. (2005) and is, as we will demonstrate in section 4, important for our empirical applications.
α
We assume that the fraction is exogenous. The government's choice of τ is subject to a trade-off: On the one hand a rise in the tax rate reduces the disposable income and therefore the consumption possibilities, on the other hand it increases the probability of surviving a natural hazard. To be more precise, there exists a threshold level, τ~, below which the positive effect of a higher probability of surviving outweighs the utility reduction due to a lower level of consumption, whereas for τ τ> the negative effect dominates. In the following we will focus on tax levels smaller than τ~. In this relevant spectrum, we can observe a utility function with,
Apart from the preventive effect, past foreign aid can have a negative effect on the survival probability due to the fungibility of the tax rate. This negative effect on the tax rate stems directly from the interchangability of past foreign aid
. In the following, we call this the fungibility effect.
Country D receives utility from consumption C and from country R 's utility
. A positive value of δ can be the result of altruism as well as selfinterest of the donating country due to strategic considerations. The incorporation of the recipient country's utility level in the utility of the donating country could have a second effect on the 7 recipient country's choice of the tax rate τ , if we account for ex-post relief in case of a disaster.
That is, due to foreign aid experiences in the past, the government of the recipient country might anticipate the possibility of ex-post disaster relief ω and interpret foreign aid experiences of the past as implicit insurance for the future. Hence, past foreign aid experiences do not only have a positive preventive and a negative fungibility effect on the survival probability, but also an adverse crowding-out effect. In the following, we will first derive the crowding-out of the tax rate τ and second determine the net effect on survival probability q .
Our model is mainly based on Coate (1995) . However, there are two fundamental differences. First, while the analysis of Coate (1995) mainly focuses on a Samaritan's Dilemma problem between individuals on a national level, the aim of this work is to investigate the existence of the Samaritan's Dilemma on an international level, where the aid-receiving government shirks responsibilities. Second, Coate (1995) uses three groups of actors, namely two rich individuals, a poor individual and the government, with the latter trying to maximize the welfare of the rich by providing an ex-ante payment to the poor person. Hence, he assumes an ex-ante payment which is primary of strategic nature and aims to reduce the ex-post payment, which is the Samaritan's Dilemma problem of the rich. However, we assume that the ex-ante payment does not have any influence on the ex-post decision, because our focus is not to analyze how the ex-ante payment affects ex-post relief, but rather how it affects the level of protection chosen by the recipient country's government through the preventive as well as the two negative effects.
The intuitive explanations illustrate that both the donor and the recipient country's behavior are relevant to derive the forces which impact the value of the tax rate τ necessary for the implementation of protection measures. Using backward induction, we first focus on the behavior of the donor country. Once, the bad state for the recipient country arises and given the level of the tax rate τ , the reaction function of the rich country is
with
The optimal ex-post emergency aid is implicitly defined by the following first-order-condition, which states that the marginal benefit of the donor country, which results from the higher utility of the recipient country, must equal the marginal costs of the donor country due to a lower level of consumption.
In order to derive how the donating country's choice of ex-post aid adjusts to changes of the poor country, we have to discuss the following expression:
The denominator of the expression is negative if we assume that the impact of the ex-post transfer on the utility is comparable to the impact of income. A given level of transfer induces increases in the utility level, but the effect is smaller for higher levels of initial utility.
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The sign of the nominator is now essential for the determination of the adjustment of the donating country's ex-post transfer to variations of the tax rate undertaken by the recipient country's government. A positive nominator would imply that a rise of the tax rateτ would increase the marginal utility of the ex-post transfer (prevention and relief are complements), whereas a negative nominator would suggest that an increase in the tax rate would lead to a decrease of the marginal utility of the ex-post transfer (prevention and relief are substitutes). If the increase of the tax rate has no influence on the marginal utility of the ex-post transfer the nominator reaches the value of zero. Cohen & Werker (2008) point out the importance of this distinction: Prevention and ex-post relief being complements would imply that the donating country would increase the level of aid for higher levels of protection. In contrast, a substitutability of prevention and aid, suggests that the donating country reacts on higher levels of protection by cutting the level of expost relief. We believe that both the tax rate and the ex-post payment increase the ability to cope with the potential consequences of natural hazards and that these contributions are largely substitutable, since, in the majority of cases, relief is even productive when protection measures are not implemented. Hence, given the substitutability of prevention and aid, the expression above is negative and states that the donor country will reduce the level of ex-post relief for increasing values of τ .
The government of the recipient country is assumed to maximize the expected utility of a representative consumer by taking into account the donor country's reaction function (4).
We first analyze how changes in the tax rate τ affect the recipient country's utility in the bad state. For 0 > ω , increases in the value of the tax rate which contribute to a higher level of protection have no influence on the recipient country's utility in the bad state, since higher tax rates will, ceteris paribus, increase the survival probability and hence reduce the need for ex-post charity. The anticipation of foreign aid is perfectly crowding-out the tax rate τ , necessary for protection measures. In the good state however, protection measures reduce the utility of the recipient country, since the tax rate reduces the disposable income without contributing to a higher probability of surviving. Thus, allowing for the possibility of ex-post charity, provides an incentive for the aid receiving country to reduce protective measures (crowding-out effect).
The survival probability q in the bad state is determined by the positive preventive effect and the two negative effects.
From equation (6) we can see that foreign aid received in the past will result in a lower survival probability, if the sum of crowding-out and fungibility effect outweighs the preventive effect.
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We test the propositions of our theoretical model on three different types of natural disasters: storms, floodings and earthquakes. Table 1 provides an overview of the countries in each disaster sub-sample. Our sample of nations is very similar to the sample applied in Kahn (2005) 3 We compiled our dataset from a number of sources . In their empirical analysis of the impact of disasters on long-term growth, Skidmore & Toya (2002) point out the importance to distinguish between different types of disasters. They argue that climatic disasters (e.g. storms, floods) are more easily forecast and therefore evacuation or taking cover is easier. In comparison, geologic disasters (e.g. earthquakes) are harder to predict. The former are more of a threat to property while the latter type of disasters are a threat to both property and life. They find that climatic disasters have a positive impact on long-run growth, while geologic disasters decrease growth in the long-run.
[ Table 1 about here]
Apart from the differences in the effect on economic development, different types of natural hazards require different forms of protective measures. Although activities in natural hazard management show common features (e.g. public good character of enforcing zoning and building codes) they might differ in terms of affordability and duration. For example, the construction of earthquake resistant buildings is very cost-intensive and cannot be afforded by the majority of individuals living in developing countries. Forecasts for storms, cyclones or other climatological events are often provided by international agencies and communicated to national governments. If these governments forward a warning to the people at risk, lifes can be saved at relatively low costs. Therefore, we build three subsamples for each type of natural hazard instead of simply pooling observations from all natural hazards. 4 : The data on disaster victims, major disaster, magnitude and the number of people effected are taken from the most comprehensive data set on disasters, the EM-DAT by the Center for Research on the Epidemiology of Disasters (CRED) in Brussels. EM-DAT has collected around 12,000 reports of different disasters, such as floods, storms, earthquakes, volcanic eruptions, landslides as well as man-made disasters. A natural disaster has to fulfill at least one of the following criteria in order to be included in the database: 10 or more people reported killed, 100 people reported affected, declaration of a state of emergency, call for international assistance. Therefore, disasters that occurred in thinly populated areas are not included in the database and in the analysis. Information on the magnitude of storms (wind speed in kph) and earthquakes (Richter scale) also stems from this database. Data on the magnitude of major flood events (i.e. flooded area in km ) are only available for a small number of flood disasters in the dataset. We therefore obtained historical data on precipitation from the Global Historical Climatology Network by the National Oceanic and Atmospheric Administration (NOAA). The data is collected from thousands of land stations. The earliest entry of a country's monthly mean precipitation ranges back to 1697 (United Kingdom). We used the number of months in year and country when precipitation was larger than one standard deviation above the long-term mean of precipitation in a given month as an additional explanatory variable in our estimations.
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Data for our main variable of interest, foreign aid p. c., stem from the World Development Indicators (WDI). Although EM-DAT provides figures on international disaster assistance for some major earthquake events, there is no comprehensive collection on financial disaster aid that compiled such data in a concise manner. The study by stroemberg07a used data on U.S. disaster assistance and its determinants. In contrast, we assume that expectations about international disaster relief are formed by general aid dependency. Therefore we use figures on overall development aid. National data on real GDP per capita and openness for trade are taken from the Penn World Table Version 6 .2. Regarding data on income inequality, one could consider the largest collection of data on Gini coefficients is the World Income Inequality Database (WIID, 2000) . This data has been already used in the empirical analysis on disaster victims by Strömberg (2007) . The problem with measuring income inequality over time and between countries is that the concepts and units of income change thus raising questions on the consistency and quality of the data used Strömberg (2007) . To circumvent potential problems and biases, Grün & Klasen (2003) perform a regression-based adjustment to make the Gini-coefficients more comparable. We use the data from that study for our analysis.
Our measure for institutional quality was compiled by Kaufmann, Kraay & Mastruzzi, (2008) for the Worldbank. Institutional quality is defined via six dimensions of governance: Control of Corruption, i.e. the extent to which political power is misused for private benefits. Governmental effectiveness, i. e. the quality and credibility of public and civil service and the independence from political pressure. Political stability, i.e. the probability that the current government will be overthrown by a coup d' tat. Regulatory quality, i.e. the government's ability to design and enforce sound regulations and promote private sector development. Rule of law, i.e. the protection of property rights and the quality of contract enforcement, the police and the courts. Voice and accountability, i.e. freedom of expression and association as well as the possibility to actively participate in the selection of the government. Our second proxy measure for institutional quality is a country's democracy level. We use the Polity 2 variable, which ranges between -10 (autocratic) and 10 (democratic). Information on a nation's colonial background is provided by Correlates of War 2 Project (2008).
As additional controls, we introduce the general mortality risk from each natural disaster. A recent study by Columbia University and the World Bank (Dilley, Chen, Deichmann, LernerLam, Arnold, Agwe, Buys, Kjekstad, Lyon & Yetman 2005) uses spatial data on historical disaster occurrence and population density and constructs a measure of the geographical distribution of mortality risk from natural disasters worldwide. In the appendix Figures 3, 5 and 7 show the regions with storm, flood and earthquake mortality risk in the world, respectively and Figures 4, 6 and 8 are maps focused on each risk in Asia in order to get a better idea of the resolution of the data. The darker the grid cells, the larger the mortality risk on a 10-point scale.
We use this GIS-data and combine it with a shape file of national boundaries to calculate a country's mean exposure to disaster mortality. Data for additional geographical controls (latitude and elevation) stem from the dataset provided by (Kahn 2005) . Table 2 reports the mean, standard deviation, minimum and maximum of the variables in the estimated cross-section models for each sub-sample.
[ . This variable a) accounts for the fungibility effect of past foreign aid and b) serves as our empirical proxy for the crowding-out effect i.e. the amount of anticipated ex-post aid that might crowd out national collective hazard management activity. To account for a country's level of development and its general ability to install protective measures we include GDP per capita. In order to reduce potential reversed causality between disaster fatalities and income we use the first lag of GDP p.c.,
. We expect that richer countries suffer c. p. less deaths from natural disasters.
In contrast to general belief, the correlation between GDP p. c. and AID p. c. in each of our three sub-samples is moderate (between -0.104 and -0.152). This is in line with the results of empirical studies (e.g. Frey & Schneider, 1986 , Alesina & Dollar 2000 that identify political and strategic considerations as the driving forces behind foreign aid.
To account for a nation's size and density of population we introduce the natural log of population, Ln ) ( jt POP , and the natural log of population density, Ln ( ) jt POPDENS , respectively. Gassebner, Keck & Teh (2009) show a negative relationship between the occurrence of disasters and a nation's trade volume. Alesina & Dollar (2000) find that bilateral aid flows are positively related to a nation's openness for trade. To control for potential spurious correlation that might stem from this interrelationship, we include a nation's openness for trade, jt OPEN , in our specification.
Apart from these socio-economic variables, the main explanatory factors for disaster fatalities are a disaster's magnitude, and additional climatic, geographical and topographical factors. All else equal, more powerful disasters should kill more people. We include wind speed measured in kilometers per hour as a magnitude variable for our storm sub-sample, the number of months per year t in the country j , with a monthly precipitation that is one standard deviation above the long time precipitation mean in country j for our flood sub-sample and the Richter scale for the earthquake sub-sample.
Nations that are more exposed to natural disasters could also be the subject of more international aid contributions. Thus, we control for a nation's exposure to each disaster type via a proxy variable. Using GIS-data on the mortality risk and a shape file of a country's national boundaries we are able to construct the mean mortality risk from each disaster type for each nation, j NATHAZRISK . The expectations on the country's exposure to disasters are ambiguous. On the one hand, a higher ex-ante risk could be an indicator for more knowledge and better precaution. On the other hand, these proxies could indicate a higher magnitude of events and thus increase the number of fatalities. As a second indicator we use latitude, which accounts for possibility that the occurrence and intensity of climatic disasters might be correlated with their distance to the equator. As a third geographical indicator we use the mean elevation of a country. We also include continent-specific fixed effects, c υ , and a time trend, η , (both in accordance to the specification by Kahn (2005) . ijct ε is the error term.
The dependent variable, ijt DEATH , is a discrete, strictly positive count variable. Using simple ordinary least squares (OLS) with the underlying distributional assumption of a normally distributed continuous variable could result in biased estimates. Kahn (2005) log-transformed the dependent variable to overcome this problem. An alternative way is to assume that the data are Poisson distributed and use Poisson regression models. However, if the conditional mean and the variance function of the dependent are not equal, these estimators can overestimate the significance. A more flexible approach is the negative binomial model, which will be applied in this paper.
The empirical estimation is complicated by the fact that the relationship between disaster fatalities and past foreign aid are influenced simultaneously by omitted factors. We try to circumvent this problem by applying an instrumental variable (IV) estimator. Our instruments for past foreign aid are motivated by two seminal contributions in the field of development economics: The first instrument is a country's bilateral political alignement with the USA, measured by an updated version of Gartzke's affinity index (Voeten and Merdzanovic 2009 ). This index is constructed using voting patterns in the United Nations General Assembly. The index ranges between 1 (recipient and USA always voted the same way) and -1 (recipient and USAnever voted the same way). The choice of our second set of instruments refers to work by Fink & Redaelli (2009) . They find that oil exporting countries are also more likely to receive international emergency aid. We therefore include the level of country s j′ oil reserves and natural gas production as additional instruments.
In addition, we perform a number of robustness tests: First we control for the influence of institutional quality. Kahn (2005) already suggests that better institutional quality serves as an insurance against mortality risk from natural disasters. We therefore expect the sign to be negative. The second set of estimates looks at the effect of aid from different donor nations. After that, we examine the additional influence of factors that might increase the anticipation of aid. As already mentioned, Alesina & Dollar (2000) showed that former colonies are c. p. more likely to receive foreign aid. We therefore estimate alternative specifications where we control for these factors and the interaction with lagged aid.
The studies by Anbarci et al. (2005) and Kahn (2005) suggest that a country's income inequality jt GINI is an impediment for collective actions and might increase the death toll. In contrast, Eisensee & Strömberg (2007) who uses the UN-WIDER GINI data, does not find any significant relationship between inequality and disaster fatalities. Therefore, the effect of the GINI -variable is in principle ambiguous. We run additional specifications that include income inequality of 13 country j in year t as additional robustness checks.
In line with the empirical strategy by Kahn (2005) , our second set of estimates analyzes the determinants of the annual national death toll from each of the three different natural hazards. The EM-DAT disaster dataset only includes major disasters that have exceeded a certain threshold in magnitude (e.g. number of fatalities, state of emergency). A nation could experience a natural disaster but a sufficient amount of protective measures can limit the overall losses and fatalities and thus prohibit the event being included in the dataset. Constructing a panel dataset allows us to analyze this first-stage process as well and use this information as an additional control in a second stage regression of the disaster fatalities.
Using the negative binomial model would assume that the observations with zero death-counts are generated by the same underlying process. This might not apply to our analysis. A zero outcome in the death count can arise from two regimes: Either no disaster took place (regime 1) or a large scale disaster took place and protective measures prevented any fatalities (regime 2). We therefore apply a zero-inflated negative binomial model (ZINB) which allows for overdispersion in the dependent variable and treats the zero outcomes of the dependent variable different from the positive counts. The model combines a binary variable i c with a standard count variable i y * such that the observed variable is given by
The probability that 1 = c is denoted by i ω . We apply the following probit model to estimate the influence of covariates i z on i ω .
( ) γ ω
The corresponding log-likelihood function is given by
The first stage probit model captures the process governing that a potential deadly disaster takes place in country j at time t . The second stage estimates the death count once a disaster has taken place by applying a negative binomial estimator.
Results
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The first set of results for fatalities from storms, floods and earthquakes is presented in Table 3 .
Our hypothesis, that lagged foreign aid, Ln ( )
, has an increasing effect on the number of disaster fatalities is only confirmed in the storm sub-sample. The results are robust if the mean of annual aid of the preceding 3 years, Ln ( )
, is taken instead of the first lag of aid (column 3.2). The results for floods and earthquakes neither confirm nor reject our hypothesis. The coefficients of the lagged aid as well as the 3-year-mean aid variable do have a positive sign for flood fatalities and a negative sign for earthquake fatalities, but they are not significantly different from zero. These results indicate that the negative effects of aid might be relevant for wind-storm disasters and to a certain extent for floods, but not for earthquakes. The differences between the disaster sub-samples seems to be connected to the choice of our empirical proxy. As already mentioned, foreign aid can have a preventive as well as a fungibility and crowding-out effect. The results from the storm and flood sub-sample suggest that the negative effects outweigh the prevention effect while we find some indication that the relationship is vice versa in the case of earthquakes. Table 4 summarizes the results of the IV estimates, where we instrumented lagged aid with lagged values of country j's bilateral political affinity with the USA, its oil reserves and natural gas production. The coefficient for lagged aid is again positive and significant for the storm subsample. While the sign of the coefficient changes in the flood sample and stays negative in the earthquake sample. Again, the estimates with the floods and earthquakes subsamples do not yield significant results for the lagged aid variable. However, the signs of the aid coefficients are positive in all three subsamples. Kahn (2005) showed that nations with better institutions suffer less disaster fatalities and there is a wide discussion in the aid-literature on the effect of institutions on development aid. We control for this interrelationship in Tables 5, 6 and 7 for each disaster-type separately. The results for the storm sample in Table 6 show that the lagged aid variable is still robust after including various measures of institutional quality. Apart from the measures for democracy, jt DEMOCRACY , none of the institutional variables appear to have an significant effect on the number of storm fatalities. The coefficients of lagged aid in the flood sample, change sign, while the coefficients in the earthquakes sub-sample do not change. Again the coefficients of lagged aid in the floods and earthquakes sub-samples are not significantly different from zero. Interestingly, the majority of institutional variables appear to have a large and significant mitigative effect against floods and earthquakes.
In Table 8 we analyze the effects of aid from different, major donor countries (France, Germany, Japan, United Kingdom and USA). We only report the coefficients for aid. The sign of the coefficients of lagged aid do not change, however, in the storm sub-sample the effect of the aidvariable from individual donor countries is not significant, while the effect for floods and earthqukes becomes significant.
These results once again point out the importance of distinguishing between different types of disasters and indicate that future research should have a closer look at the variations in forms of development by different donor nations. The remaining coefficients of lagged aid in the subsamples are not significantly different from zero. Table 9 adds a dummy for the colonial background and an interaction term with foreign aid to the baseline specification. Lagged foreign aid is no longer significant for the storm sub-sample, neither is the colony dummy nor the interaction term. In contrast to our expectations, we find some evidence that aid-flows in former colonies (interaction term between lagged aid and U.K. colony for the storm subsample and interaction term between French colony and lagged aid for the flood sub-sample) actually reduces the number of flood victims. These results could indicate that increased aid-flows due to colonial history had direct or indirect effects on disaster preparedness that outweigh the (even higher) crowding-out effect of aid-flows to former colonies. Table 10 introduces an interaction term between the lagged aid and the institutional quality variable. As before, there is mixed evidence of the effect of aid on disaster preparedness. However, there is a general trend observable that the interaction term of lagged aid and institutional quality has a decreasing effect on disaster fatalities. These results contribute to the discussion on the relationship between institutional quality and aid effectiveness (Burnside & Dollar 2000 , Easterly, Levine & Roodman 2004 In accordance with the discussion in this literature, our results appear to be rather fragile and only have explorative character. Our results are robust to the inclusion of the GINI-variable. The GINI-coefficient itself does not appear to have a significant effect on the number of disaster fatalities.
In the next step we reproduce our results using ZINB (Tables 11-17 in the appendix). Again the results differ between the sub-samples. Lagged aid seems to have an increasing effect on disaster fatalities (at least at the 10 % significance level) in the case of storms. Regarding the estimates for the flood sub-sample we find an interesting pattern: in the first stage probit, lagged aid appears to increase the probability that the number of deaths from floods is positive. However, the second stage suggests that aid has a mitigating effect on the total number of flood deaths. The estimates using the earthquake sub-sample show a similar pattern but the coefficient of aid in the second stage is not significant. We interpret these results as follows: Foreign aid flows reduce the overall extent of flood and earthquake disasters. Nevertheless, aid can also crowd-out the incentives of governments to install preventive measures or enact zoning or building codes that increase the probability of survival or, in other words, reduce the probability that a deadly disaster occurs. This general pattern persists throughout the ZINB estimates. Reproducing the estimates with institutional quality, lagged aid and the interaction between aid and institutions shows that the overall effect of aid in either sub-sample is reduced. While in the flood subsample the lagged aid coefficient is positive the interaction term between institutional quality and aid is negative. For floods and earthquakes the relationship is mainly vice versa. The results need to be interpreted with caution as some of the estimates did not converge.
Concluding Remarks
Based on the results of the existing literature on the socio-economic determinants of a country's vulnerability against catastrophic events (Anbarci et al. 2005 , Kahn 2005 , we analyzed the effect of foreign aid dependence on the recipient country's protection against large-scale disasters. Our theoretical model suggests that foreign aid can have both negative and postive effects. If the sum of fungibility and crowding-out effect outweighs the preventive effect, foreign aid in previous periods will decrease incentives to provide protective measures and ultimately lead to a higher death toll from natural disasters. The empirical section of our study provides some evidence for 16 charity hazard on international level. Estimates using data on major storm events show that increases in the level of past foreign aid imply higher death tolls resulting from natural disasters. For flood disasters and major earthquakes we find some evidence that past foreign aid can increase the probability that the death toll from disasters is non-zero, however, it also reduces the total number of deaths from disasters. As we are using lagged foreign aid as an empirical proxy for anticipated disaster aid, it is not possible to disentangle the two negative effects and the positive (side-)effects of foreign aid on infrastructure and disaster management. The major implication for future research is that an analysis of the effects of aid on natural hazard management largely differs across types of disasters and that a better empirical proxy for the anticipation of international disaster aid is needed.
The major policy implication of our results is not a call for a reduction of foreign aid but rather a call for rethinking strategies for international assistance and redesigning existing aid programs. The design of transfers, foreign aid in particular, has been drawing attention in economics for a long time (e.g. Nichols 1982, Besley & Coate 1991 , Coate 1995 , Gahvari & Mattos 2007 . The major findings of these articles are that unrestricted transfers induce people to diminish ex-ante protection activities (charity hazard) and to shirk responsibilities. In order to avoid these problems "the tying of aid" (Jepma 1991 ) through in-kind transfers and conditional transfers, is of interest. In fact, the theoretical model of Coate (1995) shows that in-kind transfers (e.g. provision of insurance) and conditional transfers can overcome the adverse effects of altruism. Applied to the natural hazard context, this result would suggest that the provision of ex-ante in-kind transfers (e.g. building of a dike, early warning system for earthquakes) to countries at risk could reduce the dilemma situation. Since this form of transfer is less fungible, the possibility of misuse is limited allowing for a higher probability of surviving natural disasters.
Although in-kind and restricted transfers reduce the above mentioned weaknesses of unrestricted aid, they are criticized for causing dead-weight-losses due to a lack of information about recipients' preferences. Moreover, due to asymmetric information, even the provision of in-kind transfers does not ensure the protection of the most vulnerable people. However, the valuation of in-kind and cash transfers in the case of natural hazards might be somehow different, since mitigation activities do not only require financial capital but also expertise. Since developing countries in particular lack this expertise, unrestricted aid will not necessarily lead to efficient targeting. Although alternative adaptation strategies require future research, the impression at first glance is that ex-ante in-kind transfers could be a possible solution in case of natural hazards, since mitigation activities are likely to reduce the extent of disasters and the need for ex-post relief. A lower vulnerability to catastrophic events could reduce (at least to a certain extent) developing countries' dependency on foreign aid and contribute to a more independent development of these countries. As economic research on the efficiency of in-kind transfers is far from satisfying, it requires a better understanding of the incentives created by in-kind transfers before developing alternative instruments of foreign assistance. Notes: IV-estimates. Dependent variable is Ln(1+DEATH ijt ). The first lags of Gartzke's affinity index with the USA, AFFINITY USA j,t-1 , the country's oil resources, OIL RESOURCES j,t-1 and natural gas production, GAS PROD j,t-1 , were used as additional instruments for Ln(AID j,t-1 ). Continent dummies, time trend and constant term included in all specifications. ***, **, * indicate significance at the 1, 5 and 10%-level, respectively. -0.001*** -0.001*** -0.001*** -0.001*** -0.001*** -0.002*** -0.002*** (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
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Obs. (5)), continent dummies, time trend and constant term included in all specifications. ***, **, * indicate significance at the 1, 5 and 10%-level, respectively. (5)), continent dummies, time trend and constant term included in all specifications. ***, **, * indicate significance at the 1, 5 and 10%-level, respectively. stage probit regression estimates the probability that nobody in nation and year died from the specific natural disaster. The 2 nd stage negative-binomial estimates the number of disaster deaths. Covariates from the ZINB baseline specification (Table 11) , continent dummies, time trend and constant term included in all 2 nd stage negative-binomial specifications. ***, **, * indicate significance at the 1, 5 and 10%-level, respectively. a indicates that ZINB model did not converge. on country-level. The 1st stage probit regression estimates the probability that nobody in nation and year died from the specific natural disaster. The 2 nd stage negative-binomial estimates the number of disaster deaths. Covariates from the ZINB baseline specification (Table 11) , continent dummies, time trend and constant term included in all 2 nd stage negative-binomial specifications. ***, **, * indicate significance at the 1, 5 and 10%-level, respectively.
29
39
a indicates that ZINB model did not converge. Kahn (2005) CORR CONT Perception of the extent to which public Kaufmann et al. (2008) power is exercised for private gain, including both petty and grand forms of corruption, as well as influence of elites.
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GOV EFF
Perception of the quality of public Kaufmann et al. (2008) services, the quality of the civil service and the degree of its independence from political pressures, the quality of policy formulation and implementation, and the
